The content of phenols (TPC), and the antioxidative, antileukemic and anti-MMPs properties of Eleutherococcus spp. cultivated in Poland are reported. The highest TPC was found in the spring leaves (20.3 -37.2 mg/g). The spring leaves and roots of E. divaricatus had the strongest anti-DPPH activity (EC 50 1.2 and 1.2 mg/mL), whereas the greatest ability of iron (II) chelating was shown by autumn leaves of E. setchuensis (EC 50 0.3 mg/mL), and the ethanolic extract of E. gracilistylus roots showed the strongest lipid antiperoxidation activity (EC 50 0.7 mg/mL). The highest number of apoptotic cells was observed in the Jurkat 45 cell line after treatment with the ethanolic extract of E. sessiliflorus roots (27%). Only the chloroform extracts of roots of E. gracilistylus and E. divaricatus showed the inhibitory activity against MMPs. Most of the studied species have a significant biological activity that is probably due to the presence of phenols. To the best of our knowledge, neither detailed phytochemical nor biological studies have been performed for most of the investigated species.
In Traditional Chinese Medicine Eleutherococcus Maxim. species have been used for thousands of years. This genus comprises about 40 species distributed in Asia (China, Korea, Japan) and north Russia. Eleutherococcus species have been shown to have adaptogenic, antibacterial, anticancer, anti-inflammatory, antipyretic, choleretic, immunostimulatory, immunomodulatory and radioprotectant properties [1, 2] . E. senticosus, E. gracilistylus, E. sessiliflorus and E. setchuensis are used in traditional medicine. E. sessiliflorus has antipain, anti-inflammatory and antiduretic properties. It is thought, that chiisanosid, which was identified in the leaves, decreases the absorption of lipids. The extract of roots of E. setchuensis is used as a replacement for other species of this genus [3] [4] [5] [6] . These plants contain many constituents including eleutherosides, flavonoids, vitamins, polysaccharides, piperasines, chiisanoside, sessiline and essential oil. Eleutherococcus not only synthesizes lignans, such as syringin, syringaresinol and sesamin, but also accumulates lignan precursors, such as hydroxycinnamic acid, caffeic acid and coniferyl aldehyde [5, [7] [8] [9] [10] .
Because of the high price of some medicines, cheaper alternatives are being sought. With this in mind, we studied the influence of extracts from the roots, leaves and fruits of five Eleutherococcus spp. cultivated in Poland on the induction of apoptosis in human leukemic cells, their antioxidant properties, and inhibitory effect on metalloproteinases. In addition, the total phenolic content was measured. The change of geographical and climatic conditions might have influence on the phenolic content and pharmacological properties of the Eleutherococcus spp.
Eleutheroside B
Eleutheroside E Eleutheroside E1 [11] , but reported a lower concentration of phenols than that now estimated. There are no literature data for the other species, but in this work they were shown to be rich in phenols. Antioxidant capacity of extracts was measured by their ability to scavenge the DPPH radical, inhibition of linoleic acid peroxidation, and iron (II) chelating activity.
In the DPPH assay, the ethanolic extracts of the leaves and roots showed greater radical scavenging activity than those of the fruits and the chloroform extracts of roots ( Table 2 ). The spring leaves Table 2 : DPPH radical scavenging activity of chloroform (1) and ethanolic (2) Lingnert's method showed that Eleutherococcus spp. have a great ability to inhibit linoleic acid oxidation ( Table 3 ). Among the ethanolic extracts, those of the roots and leaves of E. gracilistylus, and fruits of E. divaricatus had the strongest lipid antiperoxidation activity. In the case of the chloroform extracts, the roots of E. henryi showed the highest antiperoxidation activity. Comparing the results for eleutheroside B (EC 50 1.5 mg/mL) and eleutheroside E (1.6 mg/mL), the ethanolic extract of E. gracilistylus roots exhibited a significantly higher effectiveness in the inhibition of peroxidation.
All the extracts tested presented lower degrees of antiperoxidation activity when compared with the synthetic antioxidant BHA (EC 50 0.1 mg/mL). The results for iron (II) chelating are shown in Table 4 . The activity of the spring leaves and fruit extracts is higher than that of the roots. The activity of the roots and leaves of E. setchuensis was significantly higher than that of the other species. No differences in activity were noticed in the case of the fruits of all species. The obtained results were compared with EDTA (EC 50 0.01 mg/mL). [2, 6, 12] . The amount of eleutheroside B ranged between 0.5 mg/g and 3.4 mg/g; eleutheroside E between 0.5 mg/g and 1.2 mg/g; and eleutheroside Table 5 : Cytotoxic effect of chloroform (1) and ethanolic (2) Antioxidant activity depends on the structure of the molecules, and polarity of the reaction medium. To develop our research, it is necessary to isolate and identify the active compounds other than the eleutherosides, as well as to explain the molecular mechanism of the eleutherosides action.
The antileukemic effect of extracts was evaluated on the Jurkat 45 leukemic cell line. IC 50 doses, on the basis of the trypan blue test, were deduced from the graph for each extract at concentrations ranging from 2 to 600 μg/mL. The IC 50 values ranged between 3.8 and 596.9 µg/mL ( Table 5 ). The strongest cytotoxic activity was shown by the chloroform extract of the roots of E. divaricatus and the ethanolic extract of the roots of E. sessiliflorus. To detect the mechanism of cell death induced by extracts, cells were treated with the lowest IC 50 value. As shown in Figure 1 , E. sessiliflorus, the most active species, led to an apoptosis cell death of 27%. The percentage of apoptotic cells in controls was lower than 5%. To sum up, the examined extracts caused the death of the examined cells via apoptosis.
We characterized the inhibitory parameters for extracts against MMPs -1, 2, 3, 9 ( Extraction: The air -dried and powdered roots and spring leaves (15 g) from each Eleutherococcus spp. were soaked in 150 mL 75% ethanol for 24 h. The samples were then sonicated in an ultrasonic bath (Polsonic, Warsaw, Poland) at room temperature for 15 min. The liquids were carefully filtered and the plant material reextracted for 15 min. with 100 mL of the same solvent. Filters, on which the samples were filtered, were sonicated afterwards with 100 mL 75% ethanol; 350 ml of each extract was obtained. The solvents were evaporated under reduced pressure at 45 o C and subjected to lyophilization.
